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ABSTRACT 

The dis lodgement,  ven t ing ,  and r e d e p o s i t i o n  o f  p a r t i c l e s  on a s u r f a c e  i n  

The p a r t i c l e s  
t h e  s h u t t l e  bay by t h e  v i b r o a c o u s t i c ,  g r a v i t a t i o n a l  , and aerodynamic forces 
p r e s e n t  d u r i n g  s h u t t l e  ascent  have been i n v e s t i g a t e d  ( r e f .  1). 
o f  d i f f e r e n t  s i z e s  which a r e  d isp laced,  vented, and r e d i s t r i b u t e d  have been 
c a l c u l a t e d ;  and an e s t i m a t e  o f  t h e  inc reased number o f  p a r t i c l e s  on c e r t a i n  
sur faces  and t h e  decrease on o t h e r s  has been i n d i c a t e d .  The average s i z e s ,  
v e l o c i t i e s ,  and l e n g t h  o f  t i m e  f o r  c e r t a i n  p a r t i c l e s  t o  leave t h e  bay f o l l o w i n g  
i n i t i a l  s h u t t l e  doors opening and thermal t e s t s  have been c a l c u l a t e d  based on 
i n d i r e c t  da ta  ob ta ined d u r i n g  severa l  s h u t t l e  f l i g h t s .  Suggestions f o r  f u t u r e  
measurements and observa t ions  t o  c h a r a c t e r i z e  t h e  p a r t i c u l a t e  environment and 
t h e  techniques t o  l i m i t  t h e  i n - o r b i t  p a r t i c u l a t e  contaminat ion  o f  sur faces  and 
environment have been o f f e r e d .  

ANALYSIS RESULTS AND CONCLUSIONS 

P a r t i c u l a t e  contaminants on s h u t t l e  bay sur faces  and on sur faces  o f  
payloads c a r r i e d  by t h e  s h u t t l e  w i l l  be resuspended d u r i n g  s h u t t l e  ascent  by 
v i b r o a c o u s t i c ,  g r a v i t a t i o n a l ,  and aerodynamic load ings .  

Random mechanical a c c e l e r a t i o n s  o f  about 13 g rrns i n  t h e  f requency range 
o f  20 t o  2000 Hz exper ienced d u r i n g  ascent  by sur faces  and systems a r e  expected 
t o  r e l e a s e  f rom sur faces  a l l  t h e  p a r t i c l e s  i n  excess o f  80-90 um diameter  and 
o n l y  1-2 percent  o f  p a r t i c l e s  l e s s  than 10 um. These p a r t i c l e s - - d e p e n d i n g  on 
t h e  d i r e c t i o n  o f  t h e  r e l e a s i n g  s u r f a c e  w i t h  r e s p e c t  t o  t h e  a c c e l e r a t i o n  v e c t o r - -  
w i l l  f a l l  back on t h e  sur face ,  f a l l  on another  s u r f a c e  p r o p e r l y  p o s i t i o n e d  
w i t h  r e s p e c t  t o  t h e  v e l o c i t y  v e c t o r ,  o r  be t r a n s p o r t e d  t o  t h e  vent  f i l t e r s .  
Also,  i f  they  have s u f f i c i e n t  f a l l i n g  k i n e t i c  energy, they  may bounce f r o m  
s u r f a c e  t o  s u r f a c e  u n t i l  they  e i t h e r  d e p o s i t  on a s u r f a c e  o r  a r e  e n t r a i n e d  by 
t h e  outgass ing molecules i n  t h e  bay a c q u i r i n g  t h e  energy o f  t h e  ou tgass ing  
molecules which w i l l  be c o l l i d i n g  w i t h  them. The p a r t i c l e s  n o t  depos i ted  w i l l  
be moving randomly i n  t h i s  r e l a t i v e l y  tenous gas o n l y  r a r e l y  h i t t i n g  a sur face .  

Two p e r i o d s  o f  r e l e a s i n g  and r e s e t t i n g  o f  p a r t i c l e s  a r e  env is ioned.  
Dur ing  these two per iods ,  t h e  random a c c e l e r a t i o n  f o r c e s  have magnitudes o f  
about 13 g rms i n c l u d i n g  some peak magnitudes o f  about 39 g. 

An i n i t i a l  number o f  p a r t i c l e s  w i l l  be re leased d u r i n g  t h e  i n i t i a l  
2 minutes o f  ascent  w h i l e  v e n t i n g  o f  t h e  bay volume i s  o c c u r r i n g .  
t r a n s o n i c  r e g i o n  o f  f l i g h t  w i t h  maximum mechanical d i s t u r b a n c e  a t  t h e  sur faces  
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and maximum vent velocity in the bay,  released par t ic les  of less  t h a n  a b o u t  
58 pm, will be entrained by the gas flow. 
vents where they are trapped i f  greater t h a n  about  35 pm. 
a turbulent flow will remain in random motion in the bay. 

Most of them may be directed t o  the 
Others entrapped i n  

Released par t ic les  greater t h a n  58 pm will rese t t le  on the surface of 
origin i f  the surface i s  normal a n d  facing the velocity vector. 
released from surfaces parallel and /o r  n o t  f a c i n g  the velocity vector will 
drop on surfaces facing the vector by virtue of the shut t le  acceleration. 

Those 

During the second stage of the ascent, which terminates a b o u t  9 minutes 
a f t e r  launch, additional par t ic les  are released and reset t led.  
d r a g  i n  the bay i s  no longer effective in moving par t ic les ;  and  those released 
e i ther  will be accommodated on the surface by the shut t le  acceleration or will 
be f l o a t i n g  abou t  i n  the bay i n  a zero g environment. 

Aerodynamic 

The following par t ic le  redistributions may be expected during launch in 
the shut t le  o r  in a n  instrument: 

- A surface facing opposite the acceleration vector a t  a prelaunch 
cleanliness level of 750 as per MIL-STD 1246A will lose par t ic les  as i t  
cleans u p  ( f i g .  1).  

In  o rb i t ,  t h a t  surface will have s l igh t ly  less  par t ic les  in the s ize  
range u p  t o  36 pm and considerably less  particles of larger s ize  t h a n  
i t  had a t  l a u n c h .  No part ic le  greater t h a n  about  90 pm will be l e f t  
on t h a t  surface. 

A surface looking into the velocity vector and located toward the rear 
recovers i t s  own acceleration released par t ic les  and col lects  par t ic les  
released from other surfaces which are accelerated toward the rear of the 
shut t le  or of the instrument ( f ig .  2 ) .  The increased number of par t ic les  
on these surfaces are mainly those of diameter greater t h a n  58 pm. The 
number of par t ic les  per unit  area may double for  t h i s  range i f  there i s  a 
one-to-one view factor between the rejecting and accepting surfaces. 
the a rea  o f  the surfaces releasing par t ic les  i s  K times the area o f  those 
surfaces receiving par t ic les ,  then the accommodation i s  approximately K 
times the one for  the one-to-one view f a c t o r .  For the shut t le  bay, the 
distribution per u n i t  area on the a f t  surface of the bay may be approxi- 
mately 18 times t h a t  f o r  the double distribution obtained f o r  the 
one-to-one view factor.  

I f  

- A re lat ively clean surface ( less  t h a n  Level 500) will be contaminated 
with par t ic les  from other surfaces greater t h a n  58 pm, a n d  w i t h  few 
part ic les  with diameters between 58 and 5 pm ( f ig .  3 ) .  

The redistribution of par t ic les  on surfaces assumed t o  have an  i n i t i a l  
distribution of par t ic les  corresponding t o  Level 750, with a surface 
correspondence of a one-to-one, has been indicated. These assumptions 
can be changed since the losses and  gains of par t ic les  are provided in 
terms of the percentage of par t ic les  per unit area in the specific 
par t ic le  s ize  range. 

- 

The gain on a u n i t  surface can be estimated by 
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modifying the resul ts  for  a one-to-one relation by the area ra t io  o f  
the surface losing t o  the one gaining particulates.  

- Some small par t ic les  <58 pm, which did n o t  enter the vents or were 
released d u r i n g  the second phase of acceleration, are entrained i n  the 
outgassing molecules and move randomly in the bay where the outgassing 
mean free p a t h  i s  a few tens of cm. After a b o u t  2 hours i n  o r b i t  when 
the bay doors are opened, those par t ic les  which have mean diameters of 
10-15’pm leave the bay w i t h  average velocit ies of abou t  1x10-* crn/s. 
Outside of the bay,  these par t ic les  are decelerated with respect t o  
the orbi ter  by d r a g  forces and will be moving  away from the velocity 
vector. The camera-photometer observing these par t ic les  a t  various 
distances from the bay will see the par t ic le  moving a t  a b o u t  1 .5  m/s 
i f  the par t ic le  i s  20 m away and about 0.33 m/s i f  a t  1 m away. 
bay released par t ic les  lose energy w i t h  respect t o  the shut t le  and  
enter a different orb i t .  

These 

- Particles of  mean diameter of a b o u t  36pm which had deposited on 
surfaces and/or  did n o t  leave the bay will be made t o  leave the bay a t  
velocit ies of 1.5~1O-~cm/s by thermally induced effects .  
shock,  d i f f e r e n t i a l  thermal expansions, f r ic t ion  between surfaces, 
photodesorption, thermophoresis, desorption from surfaces, and other 
mechanisms can be the cause of these additional emissions, which have 
been observed by the camera photometer in one of the shut t le  f l igh ts .  

Thermal 

RECOMMENDATIONS 

1. Clean the bay surfaces and payloads to  opt imum level of cleanliness 
before launch. Protect the clean surfaces whenever possible. 

2. Surfaces normal t o  the acceleration vector should be as clean as possible, 
since they will receive additional par t ic les  from other surfaces above 
them n o t  f a c i n g  the acceleration vector. 

3. The bay doors should be opened as soon as possible t o  allow part ic les  
floating in the bay t o  ex i t .  This will l imit  the se t t l i ng  of those 
par t ic les  on surfaces. 

4.  Provide particulate shields ,  covers, and doors on surfaces normal t o  
acceleration. The covers should firmly enclose the protected surface 
preventing par t ic les  carried by turbulent venting flow from entering the 
spacing between cover and surface. 

5. Optical observations o u t  of the bay should be carried o u t  a f t e r  the source 
of par t ic les  leaving the bay i s  depleted. 
number) i s  about  10-15 hours. 
leaving the bay to  be a few percent of the i n i t i a l s  i s  therefore 
40-50 hours a f t e r  bay opening. 
necessary a f t e r  an  i n i t i a l  thermo-shock of the shut t le  bay. 

The time constant ( l / e  d rop  i n  
The time t o  wait for  the number of par t ic les  

This delay in observation may also be 
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I 6. Suggested measurements and da ta  c o l l e c t i o n s  which may p r o v i d e  a d d i t i o n a l  
understanding o f  t h e  r e l e a s e  and r e d i s t r i b u t i o n  o f  p a r t i c l e s  i n  t h e  bay , 

I 

I a re:  

d. Use p a r t i c l e  d e p o s i t i o n  ins t ruments  l o c a t e d  a t  s t r a t e g i c  l o c a t i o n s  i n  
t h e  bay and t imed t o  operate a t  s p e c i f i c  per iods  o f  t h e  ascent  t o  
p r o v i d e  p a r t i c u l a t e  d e n s i t y  data i n  t h e  bay a t  v a r i o u s  t imes. 

a. Photomicrograph c o n t r o l  surfaces l o c a t e d  on bulkhead and a f t  o f  t h e  
bay, b e f o r e  launch, a f t e r  r o c k e t  b o o s t e r s '  s e p a r a t i o n  ( 2  min) ,  a f t e r  
tank  separa t ion .  Analyze these photos f o r  p a r t i c l e s  r e d i s t r i b u t i o n s  
as a f u n c t i o n  of  ascent  stages. 

REFERENCES 

b. Analyze t h e  p a r t i c u l a t e s  on a f i l t e r  v e n t  before launch and i n  o r b i t .  
The sample f i l t e r  c o u l d  be rep laced i n  o r b i t  and r e t u r n e d  t o  ground i n  
a p r o t e c t e d  enc losure.  

c. I n s p e c t  and check v i s u a l l y  f o r  p a r t i c u l a t e  d e p o s i t s  i n  t h e  a f t  bay and 
bulkhead a f t e r  s h u t t l e  f l i g h t s  t o  n o t e  gross d i f f e r e n c e s  i n  depos i ts .  

f. Use o p t i c a l  systems t o  g e t  da ta  on p a r t i c u l a t e  d e n s i t y  i n  t h e  bay as a 
f u n c t i o n  o f  t i m e  w h i l e  bay doors a r e  c losed and when opened. 
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